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SOME STUDIES O F  SOAP SOLUTIONS. I11 
BY VICTOR LENHER AND GEORG$ M. BISHOP 
W. Spring1 in his work on the behavior of soap solutions 
with lampblack, colloidal ferric hydroxide, silicic acid and 
clay, found what he described as an adsorption compound 
formed between the carbon (lampblack) and the acid radicle 
of the soap. His view is that the lampblack hastens the de- 
composition of soap in water by causing the formation of an 
acid salt, and considered the colloidal or adsorption compound 
due to the difference of electrical polarity of its constituents 
by water. Spring found that the ash of a solution so treated 
is greater than that of the original soap solution, and con- 
cludes that the formation of this adsorption compound is the 
active feature in the detergent action of soap. 
A series of experiments have been conducted by us to 
ascertain, if possible, whether or not any surface condensation 
of soap takes place on carbon. It is well known that when 
one's hands or clothing are grimed with graphite there is no 
better way to cleanse than by washing with soap. Certainly 
the highly refractory chemical character of graphite would 
preclude its being attacked by so mild a chemical agent as a 
soap solution. 
Obviously, different forms of carbon should adsorb the 
soap to different degrees. This we have tested experimentally 
by treating a soap solution with various forms of carbon, such 
as Ceylon graphite, willow charcoal, and animal charcoal. 
Experimental.-A glass tube 34 cm long and 3 cm in 
diameter was closed a t  the lower end with a rubber stopper 
fitted with a short, glass delivery tube. The tube was filled 
' with powdered Ceylon graphite, in the first experiment, which 
had been heated for four hours at a bright red heat in an 
electric muffle. This heating served to remove any organic 
'Spring: Zeit. Kolloidchemie, 4, 161 (1909); 6, 11, 109, 164 (1910); 
Rec. Trav. chim. Pays-Bas., 28, IZO, 424 (1909); 29, I (1910); Bull. Acad. 
roy. belg., 1909, 187, 949; Arch. Sci. phys. nat., 30, 561 (1911). 
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or volatile impurities in the graphite. As soon as it was cool 
it was introduced into the tube. 
The graphite column, about 30 cm long, was separated 
from the stopper at  the bottom of the tube by a 21/2 cm layer 
of glass wool, which also served as a filter. The glass tube 
was clamped in an upright position and was closed at the 
top with a rubber stopper carrying a separatory funnel. The 
solution, after passing through the graphite, was collected ,in 
5 0  cc portions in a small filter flask and analyzed for its oleic 
acid content. 
The soap solution used was an approximately N/IO 
solution of very pure sodium oleate, which had been allowed 
Fig. I 
to stand for eighteen months in order to allow hydrolysis to 
become complete. Portions of the clear slightly yellow solu- 
tion were allowed to pass through the column of graphite. 
The graphite was inclined to settle and pack a little, so that it 
required about ten days for 200  cc of the solution to pass 
through the tube. Each 50 cc portion as it came through was 
drawn off and analyzed. The first fraction came through 
colorless, but each succeeding fraction was colored, until the 
last which had the same color as the original solution. 
The oleic acid content of the various fractions was de- 
termined by the Hanust method. While oxidation of the 
oleic acid had undoubtedly taken place to a certain extent 
in the eighteen months of standing, yet the relative values 
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Sodium 
oleate soln. 
I 
I1 
I11 
obtained are of more real importance than the absolute amount 
of oleic acid present. All of the determinations in Table I 
and in succeeding tables represent determinations made in 
duplicate. 
TABLE I
Action of Ceylon Graphite on Soap Solution 
I .050 
0.123 
0.595 
0.989 
Fraction Gm oleic acid per 50 cc fractions Fraction 
I I 
Sodium 
oleate soln. 
I 
I1 
1.077 
0.735 
I .  007 
Gm oleic acid 
per 50 cc fractions 
1.058 
I ,080 
Experimewts with Sodium Oleate Solution and Willow 
Charcoal .-Columns of willow charcoal were treated in the 
same way as the Ceylon graphite. The material was powdered 
and ignited at a red heat for four hours, and immediately 
introduced into the tubes. It was very light and showed no 
tendency to pack in the tubes, yet the filtration of the soap 
solution required nearly as long a time as with the graphite. 
The results obtained with willow charcoal show that this 
form of amorphous carbon has a greater adsorption capacity 
than graphite. It required only about 150 cc of soap solution 
to reach a point where no more measurable adsorption took 
place. 
TABLE I1 
Action of Willow Charcoal on Soap Solution 
Fraction Gm oleic acid per 50 cc fractions Fraction 
IV 
V 
VI 
VI1 
Gm oleic acid 
per 50 cc fractions 
0,998 
1.043 
I .046 
I .050 
Animal Charcoal and Soap Solution.-The animal char- 
coal used in the third series of experiments was found to con- 
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I .068 
0.008 
0.038 
0.123 
0.241 
0.458 
0.572 
0.687 
tain considerable calcium carbonate and phosphate. It was 
purified by long digestion with moderately strong hydro- 
chloric acid, after which it was thoroughly washed until free 
from chlorides. It was dried and heated to redness for three 
hours just before filling the tubes. 
This particular form of carbon shows greater adsorptive 
powers than either Ceylon graphite or willow charcoal. The 
first fraction showed almost complete adsorption and a total 
of 750 cc of soap solution was passed through the column of 
animal charcoal before adsorption ceased. 
TABLE I11 
Action of Animal Charcoal on Soap Solution 
VI11 
IX 
X 
XI 
XI1 
XI11 
XIV 
xv 
Fraction 
I 
Fraction I Gm oleic acid per 50 cc fractions 
Sodium 
oleate s o h  
I 
I1 
I11 
IV 
V 
VI 
VI1 
I 
Gm oleic acid 
per 50 cc fractions 
- 
0.778 
0.879 
0.928 
0.975 
I .009 
1.049 
I ,068 
I .069 
